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When studying colloidal nanoparticles (NPs) with NMR, we focus 
on the ligands that surround them. Used during synthesis to control 
nucleation and growth, they end up as a monolayer covering the NP 
surface and stabilizing the NP colloidal suspension. In the last few 
years we have develop the application of NMR techniques to 
characterize these systems [1]. It turns out that plenty of 
information on the characteristics of NP systems is already present 
in the 1D proton spectrum. For instance, when studying NPs 
stabilized with oleic acid or oleylamine ligands (OL), we focus 
especially on the alkene resonance at around 5.5 ppm. Looking at 
different OL-NP systems with a different core composition, a 
different ligand density or in a different solvent, we noticed that the 
peak shape of the alkene resonance varies considerably. 
Introduction 
Oleic acid at CdSe-NP in toluene-d8 (black) and in 
chloroform-d (red) and oleylamine at CIS-NP in 
chloroform-d (blue)  
Oleic acid @ CdSe-nanoparticle 
 
 
For OL@CdSe in tol-d8, the alkene resonance is very broad 
and shows a flattened top, which indicates that it is 
constructed out of 2 or more different resonances. 
1D 1H spectrum   
 
Using standard NMR techniques, we can determine which 
resonances are from the bound ligands, whether there is 
an equilibrium between bound and free ligands, etc. The 
shape of the alkene resonance however cannot be 
explained using the regular NMR toolbox.  
2D NOESY 
Oleylamine @ CIS-nanoparticle 
Looking at the 1D 1H spectrum of OL@CIS in CDCl3 we 
notice that the alkene resonance consist out of two 
resonances. These two do not show nOe crosspeaks and 
have the same diffusion coefficient. This tells us that they 
both contain a bound species. 
1D 1H spectrum 
Spectral hole burning is achieved by saturating the spin 
population at a specific frequency. For a heterogeneously 
broadened resonance this will induce, rather then a 
continuous reduction of the entire resonance, a hole in the 
spectrum centered at the chosen frequency. We can 
conclude from this experiment that we are dealing with 
two or more distinct resonances at the alkene position. 
 
Hole burning 
There are several possible hypotheses to explain the 
observed spectral peculiarities. One is the presence of 
different surfaces on the hexagonal prism, creating a 
different chemical environment for the ligands which in 
turn results in more than one resonance. The other 
possibility is the presence of both cis and trans oleylamine. 
Presently, some interpretation issues remain unresolved 
with this hypothesis. Possibly, a combination of both 
reasons discussed above need to be considered. 
Possibilities 
When adding extra oleic acid to the sample, a new peak 
arises at 5,4 ppm. This peak apparently has an nOe 
interaction with only the right part of the resonance. Again 
indicating a difference between the two resonances. 
Interaction with free ligand 
or/and 
 
 
Adding chloroform-d to a OL@CdSe sample in toluene-d8, 
induces a gradual reduction of chemical shift and 
sharpening of the resonance.  
Toluene vs chloroform 
Considering the different spectral evidences, we are 
gaining more insight in the behaviour of OL-ligands on 
different NP surfaces. It appears that there is something 
going on at the double bond of the OL-ligands that causes 
a broadening, this might be explained with a cis/trans 
equilibrium or might have something to do with the 
geometry of the NPs.  Further insight is still being obtained 
through a vary of experiments. 
Conclusions 
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